Materials. Staple DNA strands were purchased from Sigma Genosys (Japan) or Hokkaido System Science Co., Ltd. (Japan) then used without further purification.
Induction of shape transition by PNA invasion. Annealed mixture of nanomechanical DNA origami devices (100µL) was ultrafiltrated by using an ultrafiltration microtube (Amicon Ultra 0.5 mL-100K, Millipore, Ireland) to remove excess staples and zipper elements, and to exchange the buffer of the sample to 1 X HEPES/Mg buffer containing HEPES (5 mM) and magnesium acetate (12.5 mM). After 0 or 1000 eq. of bis-PNA to the four zipper elements on nanomechanical DNA origami devices (final concentration, 4 nM) was added to the solution, the mixture was incubated at 16˚C for 1day. AFM imaging. AFM imaging was performed on a SPA-300HV system (SII). A mixture containing DNA origami devices and bis-PNA (1µL) was mixed with 1 X TAE/Mg buffer (5µL) and left for several minutes, then deposited on freshly cleaved mica and additional 1 X TAE/Mg buffer (100 µL) was added. Imaging was performed in the fluid DFM scanning mode with a BL-AC40TS tip (Olympus). DNA origami devices in an image were counted as the cross form, when both of the ends were clearly separated AND the levers around the fulcrum were clearly not laid in parallel. They were counted as the parallel form when at least one of the ends was clearly identified to be in head-to-head (the end of a lever close to the concavity) or tail-to-tail (the opposite end of the lever) contact, or into antiparallel form when head-to-tail contact was clearly observed for at least one of the ends. Devices not in any of the above conditions were counted as unclear motifs.
Agarose gel electrophoresis. Agarose gel electrophoresis was carried out on an ice bath using 1.5% agarose gel containing 1 X TAE/Mg buffer under following conditions; 50V, 2.5h. The gel was stained with GelStar (FMC Bioproducts, ME, USA) and imaged on a Typhoon FLA-7000 (GE Healthcare, UK). Table S1 . Sequence and molecular mass of bis-PNA measured by MALDI-TOF Mass Spectrometry. 
